Two non-first-order kinetic peaks at about 350 and 500 K appear in the thermoluminescence (TL) spectra of single-crystal and polycrystalline MgA1&04 
Thermoluminescent processes of NIgAlzo4 irradiated at room temperature A. Ibarra Two non-first-order kinetic peaks at about 350 and 500 K appear in the thermoluminescence (TL) spectra of single-crystal and polycrystalline MgA1&04 irradiated with ionizing radiation at room temperature. Among others, emission from Cr'+ and Mn + ions are observed. TL measurements at different wavelengths indicate that the emitting centers have different recombination probabilities. Thermallystimulated-current and thermoelectric-power measurements, together with results on the TL excitation spectra with ultraviolet radiation, indicate that both processes are due to thermally released electrons from traps. The V centers also act as recombination centers leading to a complex emission band at around 4.9 eV. Experimental results and numerical simulations based on a recent1y proposed mathematical model suggest that the massive presence of lattice defects, as a result of the antisite disorder and the nonstoichiometry of synthetic spinel crystals, may have a strong influence on electron-trapping and -detrapping processes, leading to complex-kinetics TL phenomena.
I. INTRQDUCTIQN It is now quite well established that ionizing irradiation induces charge rearrangement processes involving impurities and lattice defects in oxides such as MgO and AlzO3. Hence, thermoluminescence (TL) and thermallystimulated-current (TSC) processes observed when heating these irradiated materials arise from charge carrier release from traps. So these studies provide information about crystal lattice defects and their interactions. In particular, the study of ionizing irradiation effects in MgA1204 spinel may lead to a better understanding of the high resistance of this material to displacing radiation damage' which makes it a good candidate for some fusion technology applications.
In the perfect MgAlz04 spinel cubic structure, divalent cations oeeupy tetrahedral sites while trivalent cations are in octahedral sites. However, extensive cation antisite disorder (up 
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factor (i.e. , the ratio of the high-temperature half-width to the total half-width), also depend on the emitted light wavelength, although for each emission the form factor is the same for both the UC and R samples. These data are summarized in Table II for a saturating dose value (see below).
The dependence of the TL spectrum on the irradiation dose is somehow complicated.
Peak II becomes narrower and shifts to lower temperatures with increasing dose, at it can be seen for R samples in Fig. 7 , where the TL curves have been normalized to the peak-II height for the sake of clarity. The light intensity for all emissions in this peak shows saturating growth. The dose dependence of peak position and half-width is different for each emission wavelength, as can be seen in Fig. 8 The TSC spectra of UC and R samples electron irradiated at 290 K are plotted in Fig. 10 , in which the curves represent the difference between the spectra obtained after and before irradiation in both types of samples. A current peak at about 320 K, whose asymmetric shape is similar to that of glow peak I, and another one at around 630 K are clearly seen. The difference of about 35 K between the first TSC peak maximum and that of the first TL peak can be explained as due to the lower heating rate used in these measurements (because of experimental reasons), which was 0.07 Ks. So, it is sensible to assume that both the 355-K glow peak and the 320-K current peak are caused by the same process. Thermoelectric power measurements, made by maintaining a temperature gradient across the sample during the heat- It grows until 550 K and then decays between 550 and 800 K (Fig. 13 ). Its thermal evolution is similar to that of V)
1.0- the 5.8-eV optical absorption band (Fig. 12) , at least between 450 and 700 K.
IV. DISCUSSION AND CONCLUSIONS
It has been shown that there is a TSC peak which coincides with the first TL peak, so it is straightforward to conclude that this is due to thermal release of charge carriers from traps. Thermoelectric power measurements indicate that there is charge release not only in the temperature range where the first glow peak appears, but also in that of the second peak. Moreover, these measurements indicate that the charge carriers must be electrons.
That both TL processes arise from thermal release of the same type of electric carriers is also supported by other experimental results. Both peaks have several common emission bands, so they have common recombination centers. Also, they are simultaneously generated by uv light having the same excitation spectrum. The fact that this spectrum shows a band at 5.3 eV, which has been related to I centers ' in as-received samples whose optical absorption spectrum has a band at this energy, suggests that illumination in this band induces electron capture at traps responsible for both glow peaks.
The lack of a TSC peak at the temperature of the second TL peak has also been observed by other authors' ' who obtained another TSC peak at higher temperatures, as has been observed here. They ascribed the first TL peak and both TSC peaks to electron release and the second TL one to hole release. The nonobservation of a TSC peak coinciding with the second TL process was explained in terms of the difference between electron and hole mobilities and between hole capture cross sections by different impurities. ' They also lead to the differences found in monochromatic TL curves.
The mathematical model has also been used for qualitative simulations of trapping and recombination center thermal stability. Besides decreasing steps for the concentration of filled traps related to each TL process, an initial increase followed by a further annealing step for the high-concentration electron trap can be obtained for each charge release process. This resembles, at least partially, the behavior of the optical absorption band at 5.8 eV and the EPR-3 signal, suggesting that both might be related to [Al] 
